Introduction
Due to its high prevalence and serious sequelae in the geriatric population [1] , malnutrition is a major health concern [2] . Its nutritional treatment ranges from dietary modification, food fortification and supplementation to tube feeding and parenteral nutrition. Enteral nutrition via percutaneous endoscopic gastrostomy (PEG) is a safe and widely accepted method for administering long-term enteral nutrition. It was first introduced by Gauderer et al. [3] in pediatrics. Previously, it was used more frequently for other patients and indications, whereas these days it is thought to be used predominantly for elderly patients [4] . In the United States, 1.6% of all dementia patients aged 60 and older receive a PEG tube [5] . In German nursing homes, tube feeding is exclusively done via PEG [6] . PEG placement in Germany is estimated to be performed approximately 140,000 times a year, with presumably 70% of those placed being for nursing home residents [7] . Nevertheless, reliable data are lacking in Germany and other European countries regarding the prevalence and use of enteral feeding via PEG in nursing homes. Significant differences between countries are thought to exist [8, 9] . PEG use in nursing homes is a field of high interest because critics of artificial nutrition in the elderly presume that this method is partly misused to ease care without any reasonable medical indication [10] [11] [12] [13] . The use of feeding tubes in advanced dementia is a constant point of debate, especially since here are no sufficient data about the advantages of tube feeding for this population. However, as retrospective data do not suggest any benefit [14] , current guidelines do not recommend the use of tube feeding in advanced dementia [15] .
In light of this extensive discussion, it is surprising that there are no reliable data about the prevalence of tube feeding in nursing home residents in Germany and most other European countries. Only a regional study from Bremen presents data describing the prevalence of PEG in its nursing homes [16] . In that study, the prevalence of PEG tubes in 56 nursing homes in Bremen with 4,300 residents was higher than expected, varying from 0 to 16.7% with a mean of 7.8%. A nationwide benchmarking study in the Netherlands identified the prevalence of tube feeding in nursing homes to be only 2.0% in 2007 [17] . The corresponding use of PEG tubes may be even lower than this reported rate. Data regarding feeding tube use in US nursing homes suggest that its prevalence is not only associated with the clinical characteristics of residents, but is also independently associated with the fiscal, organizational and demographic features of the nursing home [18] [19] [20] [21] . The prevalence of PEG tubes in German nursing homes is unknown, and the effect of institutional level factors on its use is unclear. The following survey was conducted in order to determine the prevalence of PEG tubes in German nursing homes, factors influencing their use, the timing of PEG insertion (before or after admission), and the proportion of residents receiving oral nutrition in addition to tube-feeding.
Methods
In November 2007, an anonymous nationwide postal survey was conducted using a standardized, two-sided, 26-item questionnaire, taking into consideration the institution, the staff, nursing home residents in general as well as residents with PEG. This questionnaire was sent by mail to the management of 6,995 nursing homes in Germany for whom address data were available. The manager of the institution or alternatively the manager of the nursing staff was asked to complete the questionnaire. Completion of the questionnaire took about 10-15 min, as by marking a cross or inserting numbers one could easily answer all questions. Questions about the federal state, the proprietor of the nursing home, the size of the city, the number of residents and nursing places, the number and qualifications of the nursing staff, the system of hot meal supply, the number and age of residents with PEG, the level of need of nursing care of residents with PEG, the number of residents with PEG inserted before and after nursing home admission, the number of residents with oral intake of beverages or solid food in addition to tube feeding, and the estimated proportion of deliberate PEG removal due to lack of use were included. The validity of the questionnaire was tested in 3 nursing homes before starting the study.
All data analysis was performed using SPSS version 16 (SPSS Inc, Chicago, Ill., USA). Descriptive statistics were used to calculate item frequency, mean, standard deviation, median, quartiles and percentiles. Correlation analysis was done using Spearman's rank correlation coefficient. Kruskal-Wallis analysis was used for group comparisons of PEG prevalence. A p value of ! 0.05 was considered statistically significant. The study was performed according to the Helsinki Declaration for human studies and in accordance with the regulations of German ethical committees.
Results
Of the 6,995 questionnaires sent out, 812 (11.6%) were returned. Five questionnaires lacking data about PEG prevalence were excluded from the analysis, so that 807 (11.5%) questionnaires were available for analysis.
The response rate was proportional to the population of all federal states. Characteristics of the participating nursing homes, specifically the size of the city in which it is located, its proprietor and hot-meal food supply are summarized in table 1 In all 807 analyzed nursing homes, there were 4,390 of 66,507 residents living with a PEG (6.6%). The median PEG prevalence was 5.6% (5th-95th percentile 1.0-16.3%). A total of 32 nursing homes (4.0%) declared having no residents with a PEG. A PEG prevalence of ! 3.7% was reported in 25% of all nursing homes, and 25% of homes had a prevalence of 1 8.8% ( fig. 1 ). There were also some extreme values, such as 3 nursing homes with PEG prevalences of 49.3, 66.1 and 94.7%. Due to the specialties of these nursing homes, such as post-neurosurgical care, most of the residents with PEG in these institutions were under 60 years old.
The main characteristics of the nursing home residents with PEG are shown in table 2 . Of all PEGs, 2,239 (51.0%) were inserted before nursing home admission, and 1,812 (41.3%) PEGs were inserted after nursing home admission. For 339 (7.7%) subjects with PEG, the data on PEG insertion were not available. Considering only the 4,051 PEG residents for whom the data were available, 55.3% of PEG insertions were done before and 44.7% after the nursing home admission. The median prevalence of PEGs inserted after nursing home admission was 2.0% of all residents (5th-95th percentile 0.0-10.1%). Of all nursing homes, 25% had no PEGs inserted after nursing home admission, and 25% had a prevalence of PEG insertion after admission of 1 4.4% of their residents.
Oral intake of solid food in addition to tube feeding was reported in 1,596 (36.4%) residents, no intake of solid food was reported in 2,077 (47.3%) residents. For 717 (16.3%) PEG residents data was not available on food intake. Oral fluid intake in addition to tube feeds was reported for 1,918 (43.7%) nursing home residents, no oral fluid intake was reported for 2,011 (45.8%) residents and there were no data available for 461 (10.5%) residents ( table 2 ). In considering only those residents for whom these data were available, the oral intake of beverages was reported for 48.8% of the patients and oral intake of solid food was reported for 43.5% of patients in addition to tube feeding.
Of all homes responding, 241 (30.4%) claimed to not have experienced any deliberate PEG removal in the past, and 552 (69.6%) nursing homes declared experiencing PEG removal, with a mean estimated proportion of 13.8% of all PEGs. Considering all nursing homes, a mean estimated PEG removal rate of 9.6 8 16.9% was calculated.
Median PEG prevalence in the federal states of Germany ranged from 3.3% in Bremen to 9.0% in Thüringen, without significant differences between the states ( table 3 ; fig. 2 ). Location in a rural or urban area had no influence on PEG prevalence. No differences in PEG prevalence in nursing homes were found between nursing homes with a community, church, private or unknown proprietor. Furthermore, there were no differences in PEG prevalence according to the food delivery system ( table 1 ). The rate of PEG tube insertion after nursing home admission showed no significant influence on PEG prevalence (data not shown).
There was a very weak correlation between PEG prevalence and the number of residents (r = 0.09; p = 0.009). In addition, there was a weak correlation between PEG prevalence and the number of total nursing staff per resident (r = 0.17; p ! 0.001), as well as the number of certified nursing staff per resident (r = 0.13; p = 0.001). This suggests that nursing homes with a greater number of nursing staff per resident and higher nursing qualifications had a higher PEG prevalence and vice versa. In the German nursing system, residents are categorized according to three levels of care needed, with level III reflecting the highest need. There was a significant correlation between PEG prevalence and the number of residents requiring care level III (r = 0.38; p ! 0.001). 
Discussion
In light of the extensive ongoing discussion in medical journals and newspapers regarding the rationale of tube feeding in nursing home residents, it is astonishing that there are no reliable data about PEG prevalence in nursing home residents in most countries, including Germany. This report is the first study investigating PEG prevalence and possibly influential nursing home characteristics in Germany. By receiving data of 807 nursing homes containing 66,507 residents, this study covered 9.9% of all 671,080 full-time nursing home residents in Germany in 2007. The characteristics of the nursing homes analyzed in this study were comparable to the overall German nursing home statistics in 2007 [22] . For example, there were 0.49 nursing staff/resident in the homes in our study as compared to 0.51 nationally, 0.23 certified nursing staff/resident versus 0.26 nationally, 37% were private versus 40% nationally, 9% were community-based versus 6% nationally, and 51% were church-or other proprietorbased versus 47% nationally. Only the mean number of residents was significantly larger in this study compared to national levels (82 vs. 67), perhaps indicating that larger nursing homes were more willing to take part in this survey.
The mean (6.6%) and median (5.6%) PEG prevalence in this survey differed due to a non-normal distribution of PEG prevalence in nursing homes. In general, the PEG prevalence in this study is lower than the 7.8% mean PEG prevalence obtained in a previous regional study in Germany [15] , but barely higher than the prevalence of 5.9% described in the data from the 'NutritionDay in nursing homes 2007' [23] of 2,137 residents in 8 Austrian and 30 German nursing homes. For European comparisons, there is only one national Dutch study available, with a tube feeding prevalence in nursing homes of 2.0% in 2007 [17] . A small-scale study from Italy declared the prevalence of tube feeding to range between ! 2.0% up to 6.6% in a few nursing homes, but did not mention a mean or median prevalence [9] . On a global scale, there are several studies comparing the use and prevalence of tube feeding in nursing home residents with advanced dementia [24] , which unfortunately are not comparable to this study as our questionnaire was not restricted to residents with dementia. One study comparing the general prevalence of tube feeding in nursing homes in Iceland, the Canadian province of Ontario and the US state of Missouri points out distinctive international differences in the prevalence of tube feeding. This minimum data set analysis from 1998 showed a prevalence of tube feeding of 15.1% in Canadian, 4.6% in American and 1.3% in Icelandic nursing homes [7] . Although it is necessary to be cautious when interpreting these data because of different periods of data acquisition, as well as differences in methodology and the nursing home care system between countries, it can be assumed that Germany has an average PEG prevalence in its nursing homes. Considering a total of 671,080 nursing home residents in 9,919 German nursing homes in 2007 [22] , a conservative calculation of a median PEG prevalence of 5.6% suggests a total of 37,580 nursing home residents with PEG in Germany. An extreme projection of a mean PEG prevalence of 6.6% creates an estimate of 44,291 nursing home residents with PEG in Germany. In summary, roughly 40,000 nursing home residents are presently living with PEG in Germany. This estimate is inconsistent with the recent assertion that 70% of the estimated 140,000 PEGs inserted annually are going into nursing home residents in Germany [7, 12] . On the one hand, the assertion of 140,000 PEGs being annually inserted in Germany might be an overestimation, as it is only a rough estimate obtained from PEG sales figures. On the other hand, 70% of these PEGs might be inserted in elderly patients who do not all reside in nursing homes.
One study comparing the tube feeding prevalence in different counties of Kansas in the United States showed considerable differences in the prevalence of tube feeding in urban (19.3%), midsized (8.0%) and rural (6.4%) counties [21] . Furthermore, use of feeding tubes in US nursing homes is not only associated with the clinical characteristics of the residents, but also depends on the fiscal, organizational and demographic features of the nursing homes [18, 19] . It was therefore of interest to analyze PEG prevalence in relation to nursing home size, proprietor, location and food delivery system. None of these abovementioned relationships were evident in our study and cannot be confirmed for German nursing homes.
Many journal letters and articles denounce PEG feeding in the elderly as a method of relieving nursing staff [12] . In this study, only 44.7% of all PEGs were inserted after nursing home admission and could therefore possibly be influenced by the nursing home. The median prevalence of PEGs inserted after nursing home admission was only 2.0%, meaning that 50% of the nursing homes surveyed had a PEG insertion in ! 2.0% of their residents during their nursing home stay. On the other hand, PEG prevalence might be influenced by the unreasonable behavior of some nursing homes in only admitting undernourished patients with prior PEG insertion. Furthermore, the number of nursing staff showed a mi-nor positive correlation with PEG prevalence. These data do not necessarily support the assumption that PEG feeding is a method for relieving nursing staff. If so, nursing homes with less nursing staff would have a larger PEG prevalence, representing an inverse correlation. The weak positive correlation between PEG prevalence and the number of nursing staff per resident can be attributed to the heavy burden of care required for nursing home residents needing artificial nutrition. This assumption is supported by the positive correlation of PEG prevalence with the number of residents requiring a high level of care. These data are definitely inconsistent with the assumption that PEGs are mainly inserted to relieve the burden on nursing staff. Apart from this, the high prevalence of subjects with oral intake of beverages and/or solid food in addition to tube feeding gives rise to the suspicion that a considerable proportion of those fed via PEG are at least in moderate health.
PEG tubes are mostly inserted during a hospital stay before as well as after the nursing home admission. If the prevalence of PEG insertions is deemed too high, we propose focusing on altering the hospital stay to reduce the number of insertions. In support of this claim, Monteleoni et al. [25] were able to show that a palliative care consulting team combined with an educational program can reduce the number of feeding tube insertions.
There are some limitations to this study. First, it is a survey, which has the potential to accrue inaccurate data. Second, the response rate was fairly low, and there could be a participation bias for institutions with a special interest in nutritional care. A further limitation is that information about cognitive function, the main underlying disease of nursing home residents with PEG, as well as the reasons for PEG insertion and removal are missing. We would strongly recommend the inclusion of this information in any further study on this topic. One advantage of this study is its nationwide scope, the considerable number of nursing homes included, and the fact that these homes have primary characteristics comparable to national nursing home data. A second advantage is that this is the first study in Germany investigating nursing home characteristics as possible factors influencing PEG placement and use.
Conclusions
Compared to other countries, Germany is projected to have an average PEG prevalence in nursing home residents. PEG prevalence was found to be independent of the federal state, the rural or urban location, the proprietor, and the food delivery system of the nursing home. Similarly, no influencing factors on the prevalence of PEG tubes inserted after nursing home admission could be determined. The minor positive correlation between PEG prevalence and number of nursing staff per resident can be attributed to the heavy burden of care for nursing home residents requiring artificial nutrition, and contradicts the assumption that PEG is often being misused to ease care.
